Background: Growing evidence has implicated the important role of the long non-coding RNAs (lncRNAs) in gastric cancer progression. In this study, we examined the expression of lncRNA zinc finger E-box-binding homeobox 2 antisense RNA 1 (ZEB2-AS1) in gastric cancer tissues and elucidated the molecular mechanisms underlying ZEB2-AS1-mediated gastric cancer progression. Methods: Quantitative real-time PCR measured the gene expression level; CCK-8, colony formation and cell invasion assays determined gastric cancer cell proliferation, growth and invasion, respectively; the xenograft nude mice model was used to determine in vivo tumor growth; Bioinformatics analysis and luciferase reporter assay determined the downstream targets of ZEB2-AS1 and miR-143-5p. The expression of ZEB2-AS1 was upregulated in gastric cancer cell lines. Results: Knockdown of ZEB2-AS1 suppressed gastric cancer cell proliferation, growth and invasion, and also suppressed in vivo tumor growth in the nude mice. Overexpression of ZEB2-AS1 potentiated gastric cancer cell proliferation, growth and invasion. Bioinformatics analysis and luciferase reporter assay showed that miR-143-5p was a direct target of ZEB2-AS1 and was negatively regulated by ZEB2-AS1. Furthermore, hypoxia-inducible factor-1α (HIF-1α) was found to be a target of miR-143-5p and was negatively regulated by miR-143-5p. The rescue in vitro assays showed that the effects of ZEB2-AS1 overexpression on gastric cancer cell proliferation, growth and invasion was mediated via miR-143-5p/HIF-1α. ZEB2-AS1 and HIF-1α was upregulated in gastric cancer tissues, while miR-143-5p was down-regulated; and ZEB2-AS1 expression level was inversely correlated with miR-143-5p expression level, and positively correlated with HIF-1α mRNA expression level; while miR-143-5p expression level was inversely correlated with HIF-1α expression level. High ZEB2-AS1 expression level was correlated with poor differentiation, lymph node metastasis and distant metastasis. Conclusion: Collectively, our results indicated that ZEB2-AS1 was up-regulated in gastric cancer tissues and cells and promoted cell proliferation and metastasis through miR-143-5p/ HIF-1α pathway, which may provide a promising target for treatment of gastric cancer.
Introduction
Gastric cancer is one of the most common malignancies and is a threat for public health, especially in the developing countries. There are nearly a million new cases of gastric cancer reported each year, and developing countries account for two-thirds of all cases, with about 42% occurring in China. 1, 2 The occurrence and development of gastric cancer involve dysregulation of multiple genes. Although the medication for the treatment of gastric cancer has been constantly improving, such as the application of some new target chemotherapy drugs and the practice of tumor immunotherapy, the 5-year survival rate of patients has not significantly improved. 3 Gastric cancer is highly heterogeneous, and the molecular signaling pathway is complex. Deregulation of oncogenes and tumor suppressor genes has been considered to be an indispensable factor leading to the development of gastric cancer.
With the progress of sequencing technology, it is currently believed that ~85% of the entire human genome can be transcribed; a large number of transcripts do not encode proteins and these RNA transcripts are called ncRNAs. [4] [5] [6] The ncRNAs can be roughly divided into two groups based on the length. Generally, ncRNAs shorter than 200 nucleotides are called short ncRNAs, such as miRNA. The other type is called lncRNAs with .200 nucleotides. 7 The lncRNAs are involved in a variety of biological processes, including proliferation, differentiation, autophagy, and apoptosis. [8] [9] [10] In the field of cancer research, lncRNAs have been found to regulate the progression of various types of cancers such as glioma, 11 breast cancer, 12 colorectal cancer, 13 liver cancer, 14 and leukemia 15 and are associated with recurrence and poor prognosis. A large number of dysregulated lncRNAs have been identified in gastric cancer till now. 16 A study of whether these lncRNAs can be used as a diagnostic marker of gastric cancer, and how these lncRNAs participate in the initiation and progression of gastric cancer and how there lncRNAs regulate the proliferation, invasion, and metastasis of gastric epithelial cells has important clinical significance for understanding the initiation and progression of gastric cancer. Growing evidence has shown that lncRNAs can act as ceRNA to regulate the expression of miRNAs in gastric cancers. For example, Liu et al showed the lncRNA HOX antisense intergenic RNA (HOTAIR) functioned as a ceRNA to regulate gastric cancer progression via sponging miR-331-3p. 17 The lncRNA metastasis-associated lung adenocarcinoma transcript one was found to regulate autophagy-associated chemoresistance via sponging miR-23b3p in gastric cancer. 18 Recently, zinc finger E-box-binding homeobox two antisense RNA 1 (ZEB2-AS1) has been identified as a new lncRNA, and studies showed that ZEB2-AS1 promoted cancer progression including pancreatic cancer, bladder cancer, and hepatocellular carcinoma. [19] [20] [21] To our best knowledge, the role of ZEB2-AS1 in gastric cancer progression has not been determined yet.
In this study, we performed both in vitro and in vivo functional assays to determine the effects of ZEB2-AS1 on gastric cancer progression and to explore the biological role of ZEB2-AS1 and the mechanisms underlying gastric cancer progression.
Materials and methods clinical samples
A total of 60 patients with primary gastric cancer undergoing surgical treatment at the First Affiliated Hospital of Xi'an Medical University were analyzed. The study was approved by the Research Ethics Committee of the First Affiliated Hospital of Xi'an Medical University, and written informed consent was signed and returned by each patient before surgery. The cancerous and adjacent normal gastric tissues were snapfrozen in liquid nitrogen once dissected from the patients and used for subsequent experiments. The clinicopathologic features of patients were also collected (see Table 1 ).
cell culture and cell transfection
Three gastric cancer cell lines (MKN-28, BGC-823, and SGC-7901) and one normal gastric cell line (GES-1) were purchased from ATCC (Manassas, VA, USA). They were cultured in Roswell Park Memorial Institute-1640 medium (Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% FBS (Thermo Fisher Scientific) in a humidified cell incubator with an atmosphere of 5% CO 2 at 37°C. ZEB2-AS1-overexpressing vector (pcDNA3.1-ZEB2-AS1), ZEB2-AS1 siRNA (si-ZEB2-AS1(a) and si-ZEB2-AS1(b)), sh_ZEB2-AS1 vector, miR-143-5p mimics, and respective control were synthesized by GenePharma and transfected using Lipofectamine 2000 (Thermo Fisher Scientific) according to manufacturer's instructions.
Quantitative reverse transcriptase Pcr (qrT-Pcr)
Total RNA was extracted from tissues or cells using RNAiso Plus (TaKaRa, Dalian, China). A total of 1 µg RNA was reverse transcribed to cDNA by PrimeScript First Strand cDNA Synthesis Kit (TaKaRa). Real-time PCR was performed using SYBR ® Premix Ex Taq (TaKaRa) on the ABI 7900 system. GAPDH was used as the internal control for ZEB2-AS1, and hypoxia-inducible factor-1α (HIF-1α) expression and U6 were used as the internal controls for miR-143-5. The expression levels of the genes in the clinical samples were calculated by using the comparative Ct method, and the expression levels of the genes in cells and animal tumor tissues were calculated by using the 2 -ΔΔCt method. The primers are shown in Table S1 .
cell counting kit-8 (ccK-8) assay 48, and 72 hours, the CCK-8 reagent was added in each well (5 mg/mL) and then incubated in dark at 37°C for 2 hours. The OD value was determined at 450 nm wavelength. All the experiments were performed in triplicate.
colony formation assay
The transfected SGC-7901 or MKN-28 cells were seeded in six-well plates at a density of 5×10 8 cells/well and cultured for 14 days. Subsequently, cells were fixed and stained with 0.2% crystal violet. The colonies were then visualized and quantified under a light microscope (Olympus Corporation, Tokyo, Japan). All the experiments were performed in triplicate.
cell invasion assays
Cell invasion assays were performed by using Transwell inserts (BD Biosciences, San Jose, CA, USA) coated with Matrigel. Transfected cells (2×10 5 cells) were seeded in serumfree medium and placed in the upper chamber, and growth medium was added to the bottom chamber. After incubation for 24 hours, the non-invaded cells in the upper chamber were removed with a cotton swab and the invaded cells in the bottom chambers were fixed and stained with 0.2% crystal violet. The number of cells was counted at five random fields under a light microscope at 100× magnification (Olympus Corporation). All the experiments were performed in triplicate.
luciferase reporter assay
The potential miR-143-5p binding site of ZEB2-AS1 and the mutant one were synthesized and inserted into the pGL3 vector (Promega, Madison, WI, USA). Similarly, the predicted binding site on the 3′-UTR of HIF-1α and the mutant one were also synthesized and inserted into the pGL3 vector. MKN-28 cells were seeded in 96-well plates at 24 hours prior to transfection. The cells were transfected with miR-143-5p or control mimics, together with the above vectors or respective mutant ones. At 48 hours after transfection, luciferase activities were determined by using the Dual-Luciferase Reporter System (Promega) according to the manufacturer's instructions.
Western blot assay
Cells were collected and proteins were extracted by using RIPA lysis buffer. Protein concentrations were examined by BCA Protein Assay Kit (Bio-Rad Laboratories Inc., Hercules, CA, USA). Equal amount of proteins was separated by SDS-PAGE and then electrophoretically transferred to polyvinylidene difluoride membrane. The membranes were blocked with 5% nonfat milk for 1 hour at room temperature and then incubated with the primary antibodies against HIF-1α (Abcam, Cambridge, UK) and β-actin (Abcam) overnight at 4°C. After incubating with HRP-linked secondary submit your manuscript | www.dovepress.com
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Wu et al antibody for 1 hour at room temperature, the protein bands were visualized by an electrochemiluminescence kit (Pierce Biotechnology, Rockford, IL, USA). β-actin was used as an internal control.
Xenograft mouse model
All animal experiments were approved by the Animal Care and Use Ethics Committee of the First Affiliated Hospital of Xi'an Medical University and were carried out in accordance with the Guidelines for the Care and Use of Laboratory Animals (Ministry of Science and Technology of China, 2006). Twelve male BALB/c nude mice (4 weeks old) were randomly divided into two groups. SGC-7901 cells transfected with sh_ZEB2-AS1 vector or sh_NC were suspended in serum-free DMEM medium (5×10 6 cells) and subcutaneously injected into the right flank of mice. Tumor volume was monitored every 5 days for 25 days after injection, and was calculated as V= length × width 2 /2. Mice were then sacrificed at 25 days after inoculation, and tumor tissues were isolated, weighed, and frozen for other experiments.
statistical analysis
GraphPad Prism Software was used to perform the statistical analysis. The data were presented as mean ± SD. Comparisons between groups were performed using Student's t-test or one-way ANOVA. Categorical data were analyzed by chi-squared test. Pearson correlation analysis was used to analyze the relationship between the expression levels of different genes in gastric cancer samples. P,0.05 was considered statistically significant.
Results
The effects of ZeB2-as1 on gastric cancer cell proliferation and invasion
We first detected ZEB2-AS1 expression levels in the gastric cancer cell lines (MKN-28, BGC-823, and SGC-7901) and the normal gastric cell line GES-1. The qRT-PCR results showed that ZEB2-AS1 was upregulated in the gastric cancer cells, compared with the normal one ( Figure 1A) . To explore the role of ZEB2-AS1 in gastric cancer, the downregulation of ZEB2-AS1 in gastric cancer cells was achieved by transfecting with ZEB2-AS1 siRNAs ( Figure 1B) , while the upregulation of ZEB2-AS1 was achieved by transfecting with ZEB2-AS1-overexpressing vector ( Figure 1C) . To investigate the effects of ZEB2-AS1 on the proliferation and invasion of gastric cancer cells, CCK-8, colony formation, and cell invasion assays were conducted. Knockdown of ZEB2-AS1 inhibited cell proliferation in a time-dependent manner and suppressed colony growth as well as invasion in SGC-7901 cells, while the ectopic expression of ZEB2-AS1 showed the opposite effects, promoting the MKN-28 cell proliferation and invasion ( Figure 1D-I ).
The effects of ZeB2-as1 on in vivo tumor growth
The role of ZEB2-AS1 in gastric tumorigenesis was also analyzed in an in vivo nude mice xenograft model. SGC-7901 cells transfected with sh_ZEB2-AS1 or sh_NC were subcutaneously injected into the right flank of nude mice. At 15, 20, and 25 days after inoculation, the tumor volume in the sh_ZEB2-AS1 group was significantly reduced when compared to that in the sh_NC group (Figure 2A) . At 25 days after inoculation, the tumor tissues were weighed, and the weight of the tumor tissues in the sh_ZEB2-AS1 group was significantly lower than that in the sh_NC group ( Figure 2B ). In addition, the lncRNA expression level was also examined in dissected tumor tissues and ZEB2-AS1 expression was significantly decreased in the tumor tissues from sh_ZEB2-AS1 group when compared with sh_NC group ( Figure 2C ).
The interaction between ZeB2-as1 and mir-143-5p
Recently, ceRNA has been proposed as one of the major regulatory mechanisms for lncRNAs. 22 To explore the possible ceRNA network involving ZEB2-AS1, we used bioinformatics tools (DIANA tools) to search the potential candidates and identified miR-143-5p. To further clarify the direct interaction between ZEB2-AS1 and miR-143-5p, luciferase constructs containing the wild-type ZEB2-AS1 transcript or the mutant one (unpaired bases with miR-143-5p in the predicted binding sites) were co-transfected into MKN-28 cells with miR-143-5p mimics or mimic NC ( Figure 3A) . The results showed the miR-143-5p mimics efficiently increased the miR-143-4p expression level and reduced the luciferase activity of reporter vector containing wild-type fragments, but not the mutant one ( Figure 3B and C) . Transfection with miR-143-5p mimic also suppressed the expression ZEB2-AS1 in MKN-28 cells ( Figure 3D ). Furthermore, transfection with ZEB2-AS1 vector decreased the level of miR-143-5p in MKN-28 cells ( Figure 3E ).
hiF-1α is a direct target of mir-143-5p
According to bioinformatics analysis by TargetScan, we found that miR-143-5p could bind directly to the 3′-UTR of HIF-1α and observed that miR-143-5p inhibited the luciferase reporter activity of the wild-type HIF-1α 3′-UTR, but did not significantly change the activity of the mutant one (unpaired bases with miR-143-5p in the 
MKN-28 SGC-7901
predicted binding sites; Figure 4A and B). In addition, transfection of miR-143-5p mimics decreased the mRNA and protein expression of HIF-1α, while the ectopic expression of ZEB2-AS1 showed the opposite effects on HIF-1α expression ( Figure 4C and D) . On the other hand, the silence efficiency of HIF-1α siRNA was also examined and the siRNA downregulated both the mRNA and protein expression of HIF-1α ( Figure 4E ). ZeB2-as1 regulated gastric cancer cell proliferation and invasion via mir-143-5p/ hiF-1α axis
In order to determine whether ZEB2-AS1 regulated gastric cancer cell proliferation and invasion via miR-143-5p/ HIF-1α axis, we performed the rescue experiments. ZEB2-AS1-overexpressing gastric cancer cells were intervened with miR-143-5p mimics or HIF-1α siRNA. CCK-8, colony formation assay, and invasion assay results indicated that miR-143-5p mimics transfection decreased cell viability, colony numbers, and invaded cells, abrogating the effects of ZEB2-AS1 overexpression on the gastric cancer cell proliferation and invasion. In addition, knockdown of HIF-1α showed similar effects as miR-143-5p mimics did, counteracting the effects of ZEB2-AS1 overexpression ( Figure 5 ).
The expression of ZeB2-as1, mir-143-5p, and hiF-1α in gastric cancer tissues Finally, we checked the expression patterns of ZEB2-AS1, miR-143-5p, and HIF-1α in gastric cancer specimens. Consistent with the in vitro results, ZEB2-AS1 was significantly upregulated in cancerous tissues compared with noncancerous tissues ( Figure 6A ). MiR-143-5p was downregulated, while HIF-1α was upregulated in the cancerous tissues ( Figure 6B and C). The expression of miR-143-5p was inversely correlated with that of ZEB2-AS1, which is a negative but significant correlation (r=-0.2248, P=0.00131; Figure 6D ), while HIF-1α showed a positive correlation with ZEB2-AS1 in gastric cancer tissues (r=0.3954, P=0.0068; Figure 6E ). In addition, the expression of miR-143-5p was also negatively correlated with HIF-1α expression in gastric cancer tissues (r=-0.5182, P=0.0138; Figure 6F patients into high-expression group and low-expression group based on the medium value. High ZEB2-AS1 expression level was correlated with poor differentiation, lymph node metastasis, and distant metastasis (Table 1) .
Discussion
Recent studies have suggested that exploring the functions of lncRNA may provide a better understanding for tumor progression. Aberrantly expressed lncRNAs were documented in various types of cancers, including gastric cancer. 16 The lncRNA SOX2 overlapping transcript was overexpressed in gastric cancer tissues and contributed to gastric cancer cell proliferation and metastasis. 23 HOTAIR was associated with tumor size and metastasis, which represented a biomarker of poor prognosis in gastric cancer.
17 ZEB2-AS1 was a conserved natural antisense transcript corresponding to the 5′-UTR of ZEB2, which is known as a transcriptional factor for the process of epithelial-mesenchymal transition, closely associated with carcinogenesis. 21 A previous study reported the expression level of ZEB2-AS1 was markedly elevated in pancreatic cancer. 21 In lung cancer, ZEB2-AS1 was markedly upregulated and its knockdown increased the levels of apoptosis-related proteins and the relative activities of caspase-3 and -9.
24 ZEB2-AS1 silencing inhibited bladder cancer cell proliferation and promoted apoptosis. 19 Consistent with previous studies, ZEB2-AS1 was upregulated in gastric cancer tissues and cell lines. In vitro experiments showed that knockdown of ZEB2-AS1 suppressed cell proliferation and cell migration/invasion, while overexpression of ZEB2-AS1 reversed these effects. In vivo data indicated that knockdown of ZEB2-AS1 inhibited tumor growth. We may conclude that ZEB2-AS1 acts as an oncogene in gastric cancer.
The lncRNAs usually exert the effects by acting as a molecular sponge for miRNA. We hypothesized that ZEB2-AS1 serves as a ceRNA in the regulation of gastric cancer progression and discovered that miR-143-5p was a potential target, which was confirmed by luciferase reporter assay and qRT-PCR. The function of miR-143-5p has been reported in prostate cancer and cervical squamous cancer, in which miR-143-5p was found to inhibit the progression of cell cycle, proliferation, and metastasis. 19, 25 Consistently, overexpression of miR-143-5p counteracted the enhanced effects of ZEB2-AS1 overexpression on cell proliferation and invasion of gastric cancer cells in our study. Moreover, it was downregulated in the gastric cancer tissues and the expression level was negatively associated with that of ZEB2-AS1.
Further investigation was focused on the downstream target of miR-143-5p, and bioinformatics analysis predicted that HIF-1α was a target of miR-143-5p. HIF-1α is a major transcription factor, regulating the downstream genes in response to hypoxia. HIF-1α was reported to play important roles in glucose metabolism, cell proliferation, metastasis, and chemotherapy resistance in cancers. 26 For instance, HIF-1α activated matrix metalloproteinase-2 in breast cancer and repressed E-cadherin expression in hepatocellular carcinoma. 27, 28 It was also demonstrated that HIF-1α upregulation is associated with poor outcomes in cancer. 29, 30 Moreover, HIF-1α can stimulate PD-L1 expression on the tumor cells, contributing to cancer immune escape. 31 In the present study, high HIF-1α expression was also observed in the cancerous tissues. The expression of HIF-1α was negatively regulated by miR-143-5p, while it positively correlated with ZEB2-AS1 expression level. Silencing HIF-1α inhibited cell proliferation and invasion of gastric cancer cells, counteracting the effects of ZEB2-AS1, suggesting that the effects of ZEB2-AS1-mediated gastric cancer progression may involve miR-143-5p/HIF-1α axis. There are some limitations in this study. The correlation between ZEB2-AS1 expression in gastric cancer tissues and overall survival of gastric cancer patients may be determined to further confirm the prognostic role of ZBE2-AS1 in gastric cancer. In addition, the downstream targets of ZEB2-AS1 may not limit to the miR-143-5p/HIF-1α axis, and further studies should be performed to explore other downstream targets of ZEB2-AS1 in gastric cancer.
Taken together, ZEB2-AS1 was upregulated in gastric tissues and cell lines and promoted cell proliferation and metastasis through miR-143-5p/HIF-1α pathway, which may provide a promising target for treatment of gastric cancer.
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Genes
Forward Reverse
ZeB2-as1 5′-aTgaagaagccgcgaagTgT-3′ 5′-cacacccTaaTacacaTgcccT-3′ mir-143-5p 5′-aTggTTcgTggggTccagTTTTcccag-3′ 5′-gTgTcgTggagTcggcaaTTc-3′ hiF-1α 5′-caTaaagTcTgcaacaTggaaggT-3′ 5′-aTTTgaTgggTgaggaaTgggTT-3′ U6 5′-gcTTcggcagcacaTaTacTaaaaT-3′ 5′-cgcTTcacgaaTTTgcgTgTcaT-3′ gaPDh 5′-aTTTgaTgggTgaggaaTgggTT-3′ 5′-TTcacacccaTcacaaac-3′
Abbreviation: qrT-Pcr, quantitative reverse transcriptase Pcr.
